Electron microscope studies have been made of a number of phages of lactic streptococci, seven of which were phages of Streptococcus lactis C10. Two of the phages are thought to be identical; five have been classified by the method of Tikhonenko as belonging to group IV (phages with noncontractile tails) with type Ill tail plates; one belongs to group V (phages with tails possessing a contractile sheath). Both prolate polyhedral heads and isometric polyhedral heads are represented among the group IV phages. The phage drc3 of S. diacetilactis DRC3 has been shown to have similar structure to the group IV phages of S. lactis C10 with prolate polyhedral heads. The phages mll, hp, cll, and z8 of the S. cremoris strains ML1, HP, C11, and Z8, respectively, were shown to belong to the group IV phages with type III tail plates by the method of Tikhonenko. All had octahedral heads and tended to be larger than most of the other phages studied.
Several studies of the morphology of the bacteriophages of the lactic streptococci have been made within the last two decades (8, 9, 12) . In recent years, they have received relatively little attention despite the considerable advances in the techniques of electron microscopy. Bradley and Kay (4) studied a phage of Streptococcus lactis 3ML with a prolate head with no sharp angles and reported it to be of a shape not described previously. Later, Bradley (2) demonstrated head dimorphism of this phage. Tikhonenko (10) , in her book, has included electron micrographs and descriptions of three phages of S. lactis. Bauer, et al (1) have studied perhaps the widest range of phages of lactic streptococci. Their studies included the phages of S. lactis, S. thermophilus, S. diacetilactis, and S. cremoris. McKay and Baldwin (7) have published electron micrographs of a phage produced by the ultraviolet light irradiation of a lysogenic culture of S. lactis C2.
This paper describes the morphology of some phages of S. lactis, S. diacetilactis, and S. cremoris strains.
The strain differentiation of the lactic streptococci used as single-strain cheese starters is based on their susceptibility to phage; many different phages for each different strain within each species have been isolated. Seven phages described in this paper share the host S. lactis C10. It is possible that a knowledge of the morphology of the phages, particularly those with a common host, could help in understanding how new phages arise in the cheese factory environment.
MATERIALS AND METHODS
All the phages studied were isolated by members of the staff of this laboratory during the period 1955 to 1972. The phages of S. lactis C10 were c10I, c10I1, c10III (5), 10p, 10n, 106. and l0w. Phage 106 is also known as c6 and will attack both S. lactis strains C6 and C10.
Other phages studied are as follows: c2, a phage of S. lactis C2; drc3, a phage of S. diacetilactis DRC3; mll, a phage of S. cremoris ML1; hp, a phage of S. cremoris HP; cli, a phage of S. cremoris C11; and z8, a phage of S. cremoris Z8.
Concentration of phages and electron microscopy techniques. Phage concentrations were prepared after the lysis of host strains of lactic streptococci on plates which were prepared by the doublelayer plate method by using the media described by Keogh and Pettingill (6) and incubating overnight. An inoculum of phage known to give confluent lysis was used in preparing the plates. The surface layer was removed, broken up, washed with 0.1 M ammonium acetate, and centrifuged at approximately 5,000
x g for 30 min. The supernatant was then centrifuged at 120,000 x g for 1 h. Grids were prepared from the deposit and negatively stained with neutral 2% (wt/ vol) potassium phosphotungstate.
Electron micrographs were taken with a Siemens electron microscope model Elmiskop I at a magnification of x40,000. RESULTS In the interpretation of the results, the classification of the phages by Tikhonenko (10) was followed. This applies also to the typing of the tail plates according to their morphology. Table 1 shows the dimensions of the phages studied. The various phages for which S. lactis KEOGH AND SHIMMIN C10 is the host differ in their ultrastructure from each other. Phages clOI, clOII, and 106, however, are very similar in morphology, showing only minor differences in dimensions of the main structures (Fig. 1A, B, F) . Although in burst size experiments phage 106 was greatly influenced by the host strain (5a), it shows the same morphology irrespective of the host (C6 or C10) on which it is grown (Fig. 1F, Fig. 2A ). Phage clOII is morphologically distinct from all the other phages included in these studies. Although no contracted sheath was seen, its tail has the characteristic end plate and tail fibers of a phage possessing a contractile sheath (Fig. 1C) . It belongs, therefore, to group V according to the classification of Tikhonenko (10) . Phage lOw is a group IV phage with a prolate polyhedral head, much larger than the others of the same shape described above (Table 1, Fig. 1G ).
Phages lOp and iOn have noncontractile tails; but whereas those described above having noncontractile tails have prolate polyhedral heads, lOp and iOn have octahedral heads and longer and narrower tails ( Table 1 , Fig. 1D, E) . Phage c2 of another strain of S. lactis, C2, was studied (Fig. 2B) . It has an elongated head and a noncontractile tail; in addition, it has a well-defined collar. Heads of different lengths can be seen in the electron micrographs (Table  1) , but there is not a well-defined dimorphism as described by Bradley (2) . In shape this phage is unlike the temperate phage of S. lactis C2 studied by McKay and Baldwin (7), the latter having an isometric polyhedral head. The only feature the two phages have in common is the possession of a well-defined collar. Phage drc3 of S. diacetilactis DRC3 (Fig. 2C) has been shown to have similar structure to the group IV phages of S. Iactis C10 with prolate polyhedral heads. The phages of the S. cremoris strains ML1, HP, C11, and Z8 studied here (Fig. 2D, E, F, G) have isometric polyhedral heads which appear to be octahedral. They cannot be assigned with certainty however. Phages cli and mll tend to have a much larger head than all others shown, whereas hp has a much longer tail (with the exception of clOIII). All four S. cremoris phages studied belong to group IV, by the classification of Tikhonenko (10) , and have type III tail plates. 
DISCUSSION
It is possible that there are, in other laboratories, phages bearing the same name yet having different morphology from those described. This confusion arises (5a) because of the prevailing habit in the field of dairy microbiology of naming phages after the lactic streptococcal strains with which they were first found to be associated. In this paper, the original names have been kept. A different code, however, would be preferable in the naming of new isolates. In the future, it may be advisable to be guided by the decisions of the recently formed International Committee on Nomenclature of Viruses (11) . Present studies of the ultrastructure and other characteristics of the phages of S. lactis C10 (5, 5a) have shown that six of the seven phages appear to be different. Phages c10I, c10dl, and 106 are very similar in morphology, showing differences, albeit, only in measurement. One can speculate that these phages could have arisen by mutation from a parent strain. On the other hand, c10III is a very different phage in its ultrastructure and probably has a different genetic origin.
It is thought that 10n and 10p are temperate phages and are, in fact, the same phage strain, because they have the same morphology and both were isolated under identical conditions of failure of the continuous culture of S. lactis C10 in separate laboratories. Their temperate nature, however, has not been proved. Their plaque morphology is consistent with that of a temperate phage.
The phages of the strain of S. cremoris so far studied by electron microscopy are very similar in ultrastructure, varying only in the size of the component structures. They all belong to group IV.
This study has shown that the phages of lactic streptococci investigated here can be classified, by the method of Tikhonenko (10), into groups IV and V, corresponding to Bradley's (3) group B and A, respectively. Within these classifications, the lactic streptococcal phages studied here are morphologically distinguishable from each other.
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